Numerous other researches bear out the conclusions of these investigators. Ellett and Carrier ('I5),
Stapledon ('24), Stapledon and Beddows ('26), Sturkie ('30), and Hanson et al. ('3I) are all in agreement that the total yield of forage is reduced by frequent removal of tops.
Much less work has been done to show the deleterious effects of clipping on root development.
This has probably been due to the difficulty of observing closely the parts below ground.
Fitts ('25) , working with fine turf grasses, found that the length of the roots increased in relative proportion to the height to which the tops had grown.
Stapledon and Beddows ('26) showed that the repeated cutting of orchard grass, Dactylis glomerata, during the growing season not only decreased the amount of hay and aftermath crop but it also reduced the root systems of the plants and retarded their growth early the following spring.
Sampson and Malmsten ('26) state that any cropping which results in the reduction of the aerial growth of grasses is reflected in the root development and in the quantity of food stored in the underground parts.
Graber et a-I. ('27) found that frequent and immature cutting of bluegrass reduced the amount of rhizome and root growth and increased the prevalence of weeds when compared with similar bluegrass cut at maturity.
Pierre and Bertram ('29) studied the storage of organic foods as they affect the tops and roots of kudzu, a leguminous vine. They found that the roots of plants cut six times per season decreased in weight during a period of two years, while those from plants receiving four cuttings increased about 150 per cent. The reserves of starch and nitrogen were less than one-half as great in the roots of plants receiving six cuttings as in those receiving four. Similar studies on organic food reserves have been made by Graber et al. on alfalfa ('27) . ('3I) that a single harvesting of the tops of Stipa pulcitra and Bromus hordcaceous resulted temporarily in the cessation of root growth. Robertson ('32) found that the rate of growth of the roots of Bromus inermnis diminished gradually as a result of clipping. Growth then ceased for 12 days before the roots started to die back from the tips.
It has been shown by Parker and Sampson
Harrison ('3 i) clipped grasses at different heights and concluded that the amount of roots increased with the height to which the grasses were clipped.
Robertson ('32) observed that in general root penetration of seedling grasses was retarded from 35 to 62 per cent as a result of frequent clipping, and that the dry weight of the roots was reduced from 66 to 98 per cent.
Investigators are in agreement that the more frequent and drastic the cutting treatment the less is the yield of tops, rhizomes, and roots (cf., Nelson, '25; Albert, '27; and others).
An exceptional finding is that of Laird ('30) who worked in the sandy soils of Florida. He states that " the largest and deepest root system of sod-forming grasses is not necessarily associated with the best and most vigorous top growth. . . . mowing of centipede and Bermuda grasses increased the root growth...
METHODS
Representative bunches or clumps of several species of native grasses were selected in duplicate and removed from the unbroken prairie sod. This was done between June 28 and July 24. The species included were big bluesteni, Andropogon furcatus, tall panic grass, Panicutm virgatumt, little bluestem, A. scoparius, slender grama, Boittelonma curtipendula, and a prairie drop-seed, Sporobolus heterolepis.
T he first two were taken in duplicate sets and will be designated as series i and 2. The prairie from which the preceding dominant grasses were taken has never been disturbed except by mowing. In addition, Kentucky bluegrass, Poa pratenisis, blue grama grass, Boutcloun gracilis, buffalo grass, Bulbilis dactyloides, and western wheat grass, Agropyron srnithii, were secured from a native pasture. Here the usual tall-grass prairie species had practically disappeared before these invaders. The pasture had not been grazed, however, since the previous summer and the grasses were all in excellent condition.
The sods of A4dropogon furcatus were cut so that they each had a surface area of 25 square inches and a depth of 4 inches. Those of the other species had a similar surface area but a depth of 5 inches. Since all of these species renew activity about April I5, except Poa pratensis and Agropyron srnithii which break their winter dormancy nearly a month earlier, they had already made a good growth. The height of the foliage at the time each species was transplanted and the height to which it was clipped are shown in table I. The sods were transplanted into galvanized iron containers which were filled with a rich loam soil mixed with one-fifth of its volume of sand. The containers had a cross-sectional area of one square foot and varied from 2 to 2.5 feet in depth. Each sod was placed with its surface o.5 inch below the top of the container, thus permitting watering without run-off, and the soil was firmly compacted about it. An opening made in the side near the bottom of each container insured proper drainage and aeration. The containers were placed in a trench 14 inches wide which was excavated in a bluegrass lawn and soil was packed around them. The trench was just deep enough so that the level of the tops of the containers was 2 inches above the general soil surface. Thus, surface water following heavy showers was prevented from running into them and a drain made in the trench prevented any accumulation of water. Thus the grasses were grown with the same variations in sunshine and temperature that they would have had in the prairie.
The soil was kept at an approximate optimumn water-content for growth by frequent watering, the sods that were producing an abundance of foliage requiring water in larger amounts than the clipped ones, as was shown by, soil sampling.
After the plants had become well established, one lot of each species was clipped every 14 days. The foliage produced at each clipping was placed in a drying oven at a temperature of 850 C. for 48 hours and the dry weight determined.
The grasses were permitted to grow until October 5 to IO, when the containers were removed from the trench and placed in a large trough. They were cut open on one side and a gentle stream of water was used to wash away the soil. Such care was taken that the roots were secured almost if not quite in their entirety. The nmuddy water drained through a screen of fine mesh which was used to catch any broken fragments, but in any case there were but very few small pieces found. The process of washing away the soil required much care, and a whole day to lay bare the root system of a single species. The tol)s were removed and their dry weight determined. The flower stalks and foliage of the unclipped grasses were, with a single exception, obtained separately. The roots were also cut away from the base of the original block of soil. The volume of the roots was obtained after all surface water had been removed by pressing the roots repeatedly for a few minutes between blotting papers.
A simple but accurate al)l)aratus was devised for determining the volume.
A glass jar io inches high and 3 inches in diameter had attached to it a small glass U.-tube which served as a siphon. The jar was filled with water which was then allowed to run out to the level of the short end of the tube outside the jar. W/Vhen the roots were then submerged the overflow water was caught directly in a small graduate. In measuring the volume of small root masses, the roots were placed in a 25-CC. graduate and water was allowed to drop slowly from a l)urette until it reached a certain mark above the level of the roots. Care was taken to exclude bubbles of air. The volume of roots was the difference between the nunumber of cubic centimeters of water added and the total volume of water plus the submerged roots in the graduate.
Parts of typical roots of both the clipped and unclipped Paniciit virgiatunt and Poa prateiisis were selected for study. They were the portions of the roots between the fifth and tenth centimeters from the tip. These were killed in formalin-acetic-alcohol and embedded in paraffin. Slides were prepared from this material.
RELATIVE DEVELOPMENT OF TOPS AND ROOTS
Growth of tops began almost immediately after the sods were transplanted, except in Agropyron smithii which was more mature. The amount of growth of the clipped grass increased gradually for the first four clippings. After the fourth clipping, however, both rate of growth and amount of dry matter decreased considerably (fig. i) .
The stand of grass was thinner after the fourth clipping since some stems did not recover and others made a growth of only I to 3 inches. Other stems grew well even after the fifth and sixth clippings, but the growth was not as great as that following the earlier ones. The total amount of dry matter produced by the clipped sod was 31.32 grams, which was only 14.5 per cent as much as that of the control. The second series of A. furcatus corresponded closely to the first. When harvested, there were 41 flower stalks with an average height of 6o inches. The total amount of dry matter was I53.09 grams.
The amount of growth of the clipped sod increased after each of the first three clippings and then decreased rapidly. The total dry matter obtained from all the clippings was 28.I5 grams, or I8.4 per cent as much as that of the control.
The roots of the control formed a larger mat in the bottom of the container than did those of the first series. The volume of roots of the undisturbed sod was 214.5 cc., that of the clipped sod io.I cc. Dry weights were 50 and I.95 grams for the unclipped and clipped plants respectively. The amount of roots produced in the second series was greater than in the first although the amount of tops was less.
Tall Panic Grass. Panicum virgatum, also transplanted on June 28, grew more slowly than that transplanted later in the season. On August i9 the flower stalks were i6 inches tall and the panicles were beginning to open. When harvested on October 8, the foliage was i8 inches high and 40 flower stalks had developed. These averaged 30 inches in height, but some were Io inches taller. Large, well matured fruits were produced. The total amount of dry matter was 9i.85 grams.
The production of foliage by the clipped plants increased for each of the first four clippings after which there was a decrease for each of the following ones (table II) . This grass seemed to be affected more by the repeated clipping than did Andropogon. After the fifth clipping there were only a few short stems produced. The total amount of dry matter was 12 grams, or 13.1 per cent as much as that of the control.
The root system of the panic grass was composed of many coarse, glistening white roots. All of the roots of the control extended to the bottom of the container but only a few of those of the clipped grass were so deep ( fig. 3) The differences in volume and dry matter produced by the two lots of sod were great. The volumes were 268.o cc. and 9.5 cc., and the dry matter 58.ii grams and I.55 grams respectively (table III) .
Panicumn zvrgatuni (series 2) was transplanted on July 24. It made a very rapid growth averaging approximately 2 cm. increase in height per day for the first I2 days. This rapid development was probably due to the reserve food that had accumulated in the roots and rhizomes. At the time of harvest (October 8), 23 flower stalks were present. These averaged 23 inches in height, with a maximum of 32 inches. The total dry matter produced by the control grass was 53.98 grams. The amount of dry matter from the clipped sod was 7.64 grams for the first two-week period, while that of series I was only 0.57 gram. The amount of forage produced at each clipping decreased, however, after the first one ( fig. I) .
The grass was not clipped as many times (4 instead of 7) as the first lot and the percentage of dry matter produced by the clipped as compared to the unclipped sod was correspondingly The sod of Andropogon scoparius that had not been clipped until the end of the summer, renewed growth TO days after it was reset; the clipped one io days later. At the end of 24 days, the former had developed a thick stand of grass over 3 inches high, but the weakened sod had produced only five shoots. The control plants made a good growth and were 4.5 inches tall 5 weeks after transplanting. No further growth was made by the weakened plants, two of which were dying. Neither sod had extended roots into the new soil.
The control sod of Bulbilis dact loides produced new shoots in about io days. At the end of five weeks a good sod 3-5 inches tall had developed but no roots extended into the soil below the sod. The grass that had been regularly clipped had been killed by freezing.
The control plants of Andropogon furcatus put forth many new shoots after a period of 20 days; the treated plants but two and only after 35 days. By January 3I, 70 days after transplanting, the 88 stems of the control had reached a height of 15-26 inches. Growth of the clipped grass was very slow and irregular. Of the 14 stems produced, 3 were dying, and the others, which were undernourished, averaged only 4 inches in height. The control had produced a good growth of roots (4.96 g. dry weight), many of which were beginning to run along the bottom of the container at a depth of 2.5 feet. On the weakened plants there was a single root, about 2 inches long, extending below the sod.
Both sods of Panicum virgatlumn, used the previous summer, renewed growth 24 days after transplanting. At first no differences were noticeable between the two, but after a week the repeatedly clipped plants grew much more slowly. On January i8 the control grass had 64 vigorous stalks with an average height of Io inches. The other lot had lost its deep green color, and some of the stems were dying. The i6 living shoots had a height less than one-third that of the control. These were clipped at this time. When the plants were examined two weeks later, only two stalks had made any perceptible growth, nor had any roots extended beyond the depth of the sod. The control plants, which were a foot high and thriving had developed io new roots, the longest being nearly 2 feet. Many new rhizomes also were starting.
Summarizing, one of the clipped sods failed to grow; two were delayed TO to I5 days in renewing growth; and in all cases the grasses that had been repeatedly clipped produced only a very few weak shoots, some of which died. Two species had produced no roots five weeks after transplanting; the controls of the other two had good absorbing organs but the treated plants had none.
The behavior of the sods of A-ndropogon scoparius and Panicurn virgatun secured early in the fall and artificially frozen is of interest. They renewed growth in I4 and 25 days respectively. Both developed a fairly thick growth of shoots. After two fortnightly clippings many of the shoots failed to recover and marked deterioration of tops was evident. The dry weight of tops decreased rapidly; in Panicumn, for example, it was 1.28, 0.78, and 0.37 g. respectively, for the several clippings. The unclipped plants had produced numerous flower stalks and a dry weight more than 4.5 times that of the several clippings. They had a great mass of roots that extended nearly 2.5 feet deep. The unclipped Andropogon had a good development of roots with an average depth of I3 inches; the clipped plants had produced none. Panlicun", excavated 5 weeks after the third clip)ping and when the tops showed considerable recovery, had 8 roots 2 to I I inches long.
Thus renewal of growth of these new sods was similar in time to that of the previous controls. The absence of roots in Andropogon was also similar. Root development, although poor on the clipped plants, was in contrast to their lack of growth on the Paficumi weakened by clipping the preceding While some of the decrease in root production was to be expected, the amount of roots produced under clipping was surprisingly small. The extremely poor growth of the roots of the clipped Bouteloua gracilis was unexpected, since this species usually does well even under close grazing. Robertson ('32) states, however, that " In spite of clipping (of seedlings), penetration continued slowly in all species except Boutelona, which responded by a gradual decrease in root length."
It seems probable that after transplanting, the production of new roots was delayed until the tops were well established. This was indicated by the delay in root growth of species transplanted in winter and verified by the experimental transplants the following summer. In one extreme case Andropogon scoparius produced, during a period of five weeks, an excellent growth of tops but no new roots.
Although little experimental evidence is available, it appears that the roots of grasses grow whenever the conditions are favorable and especially when the growth of shoots is not vigorous. Loeb ('24) and Janse ('25) have shown that the meristematic regions exert a profound attraction for food, water, and nutrient salts. When these regions are continually supplied with food it enables them to produce new tissues, including more meristematic tissue, which in turn further increases the demand for food. Thus there appears to exist within the block of sod competition for the accumulated food for building new roots and new shoots. These experiments indicate that for several weeks at least all or nearly all of the accumulated storage materials is used by the growing shoots and only after these are fairly well established are new roots developed. If the new shoots are again removed the process is repeated and the development of the root system is greatly retarded.
The lack of production of new rhizomes in all of the clipped sods and the death of old rootstocks, especially by winterkilling, may be directly attributed to lack of reserve food supplies and the weakened condition of the plants. The lack of growth or poor growth of tops was a direct result of food depletion. Thus low capacity for survival is a concomitant of low organic food reserves. Graber ('3I) found that unclipped potted plants of bluegrass produced abundant rhizomes while those that were clipped seven times produced none. Sturkie ('30) states that any cutting treatment of Sorghum hallepause reduces the rootstock development, and the more frequently the cutting is made the greater is the reduction.
Robertson ('32) found that all but one of the six grasses with which he worked produced roots of greater diameter when the tops were uncut. Parker and Sampson ('30) showed that frequent removal of the aerial growth resulted in a poorly developed root structure, in that the diameter of the whole root, the diameter of the stele, and the number of ducts were smaller than in roots of untreated specimens of the same age.
The thinning of the cover of grass by frequent removal of the tops, as in close grazing, too frequent mowing of lawns and greens, etc., includes a similar or possibly greater decrease in the abundance of roots and other underground parts. Both of these phenomena are directly related to soil erosion. In a grass plat on a hillside in Kansas, repeated clipping had reduced the density of the vegetation to about one-third normal, including about 40 per cent weeds. A rainfall of 7.5 inches in four hours eroded away approximately two inches of surface soil, but the amounts removed from any of the other fully vegetated plats was not appreciable (Aldous, '30).
Forsling ('3 )
states that "The increase in the density of the vegetation from I6 to 40 per cent of a complete cover and the replacement of certain plants by others with more extensive and more fibrous root systems reduced the rainfall surface run-off 64 per cent and rainfall erosion 54 per cent."
A direct relation also exists between too frequent removal of the tops, deficient root systems, and humus content of the soil. A decrease in humus results in a decreased bacterial activity since the soil population is dependent almost entirely upon the growing plant for energy material. Plants that are weakened by repeated clipping are less efficient in absorbing water and solutes. They are more subject to damage by drought, disease, and to extremes of heat or cold. They extend their area little or not at all and compete less vigorously with invaders. Invasion of weeds is an inevitable result. Not only is the annual yield of forage reduced, but the life of the plant itself is probably lessened. Moreover, the effects of reduced vigor persist for a long time. As pointed out by Robertson ('32) the greatest reduction in yield is accompanied by the greatest reduction in root development.
The common practice of pasturing tall-grass prairie a year or more before breaking so that the sod will be less dense and more easily tilled is a practical demonstration of the harmful effects upon the underground parts resulting from the close removal of tops. Harrison ('31) states that " Field observations as well as greenhouse studies show that Kentucky bluegrass cannot maintain itself under ordinary field conditions if it is cut shorter than threequarters of an inch more frequently than once each week." The deleterious effect of frequent cutting may, however, be offset partially by cutting the plants at a greater height above the soil. Early or frequent cutting of newly seeded lawns or newly laid sod is almost certain to result in poor establishment.
SUMMARY
This paper deals with the effects of the removal of tops on root growth in soil and on regeneration and yield of aerial parts. Blocks of well established sod of seven important native pasture grasses were transplanted into large containers, grown in the field, and clipped fortnightly.
Growth of tops, which were cut upon transplanting, was resumed immediately, as well as after each subsequent cutting from July to October. The dry weight of tops of Andropogon furcatus, A. scoparius, Panicum virgatum, Boutelocta gracilis, and Buhllilis dactyloides increased for the first three to five intervals following the initial clipping, after which it decreased rapidly. The yield of Poa pratensis increased after each of the clippings. Panicum virgattum and Bouteloua cutrtipenidula, transplanted in midsummer, decreased in yield after the first clipping. The unclipped grasses grew normally and in all cases, except one, produced flower stalks and seeds.
The total dry weight of tops from the clipped sods ranged from 13.1 per cent (Paizicumn virgatut) to 47.5 per cent (Bouteloua curtipendula) of that of the same species unclipped after transplanting. In Bulbilis dactyloides, where the stolons were permitted to grow, it was 63.I per cent. In all cases there was a considerable decrease in the ground cover as the stand of the weakened grasses became thinner.
The clipped plants failed to produce new rhizomes and many of the old ones died.
The length of roots was greatly decreased, and the relative production of roots was more greatly reduced than that of tops. By volume, it ranged froni 3.5 per cent of the controls (Boutelouia gracilis) to i8.6 per cent (Poa pratensis), although that of Bulbilis dactyloides was 36.4 per cent. The dry weight varied from 2.6 per cent in Panicum virgatum to 20.6 in Poa pratensis. The average volume of roots of the clipped sods was II .7 per cent of that of the controls; the average dry weight was io.i per cent.
The roots of the clipped grasses were smaller in diameter than were those of the controls. The diameter of those of Poa pratensis was 76 per cent as great and those of Panicumt virgatumn only 64 per cent.
Plants weakened by repeated clipping renewed growth slowly if at all after being frozen. No new roots were produced during the period of the experiment by those that survived.
The harmful effects of the frequent removal of the cover of grasses and the accompanying deterioration of the parts underground are discussed.
